Modulation of Ca currents in isolated frog atrial cells studied with photosensitive probes. Regulation by cAMP and Ca2+: a common pathway?
We have studied the regulation of cardiac Ca current by intracellular cyclic AMP (cAMP) and Ca2+, using photosensitive, caged compounds and the whole-cell, patch-clamp technique in isolated frog atrial cells. Although both low voltage activated (LVA) and high voltage activated (HVA) Ca channels were found to be present in these cells, only the HVA Ca currents were sensitive to modulation by isoproterenol or dihydropyridines (DHPs). The application of extracellular isoproterenol, as well as the photorelease of intracellular cAMP or Ca2+ at micromolar and submicromolar concentrations, respectively, had no effect on LVA Ca currents. In contrast, these agents: (i) increased the amplitude of currents through HVA channels, carried by either Ca2+ or Ba2+ with a similar time-course, (ii) slowed the decay of the current when Ba2+ was the permeating ion, and (iii) modulated the agonist effect of the DHP Bay-K 8644. The strong similarities between the effects of cAMP and Ca2+ suggest that both of these intracellular messengers might eventually lead to the phosphorylation of HVA Ca channels. It is possible that Ca-dependent phosphorylation of the channels may account for the potentiation of Ca current induced by repetitive stimulation.